We have observed and re-evaluated the histology of the skin of the horse, using samples from four Thoroughbreds.
Thoroughbreds.
The skin was composed of the usual three components: epidermis, dermis and subcutis. In particular, the dermis was found to have three fibrous components: a papillary layer, a reticular layer and a cordovan-leather tissue layer. The cordovan-leather tissue layer was subdivided into a superficial main layer and a deeper accessory layer. The superficial main layer was thick, and present in all of the skin samples. The deeper accessory layer was found in the dorsal and dorsolateral parts of the neck and trunk and in the extremities. Hair bulbs and sudoriferous glands did not extend into the cordovan-leather tissue layer and subcutis.
The skin of the horse is known to differ from that of other domesticated animals (Kroelling & Grau, 1960; Nusshag, 1968; Krahmer et al. , 1976; Sokolov, 1982; Smollich & Michel, 1985 ; Mosimann & Kohler, 1990) , and the present authors believe that it also differs from that of laboratory animals (rats, mice, guinea pigs) and small carnivores (dogs and cats).
The skin of the horse has an especially compact fibrous component within the deeper parts of the dermis of the back and hindquarters of the animal (Schoenberg, 1926; Talukdar et al. , 1972 ; Mosiman & Kohler, 1990 ). This fibrous layer gives genuine cordovan-leather tissue, i.e. , those made from equine skin, their distinctive appearance. It was called "Ross -spiegel" (-=. "horse mirror") by Schoenberg (1926) , as shown in © of (1993) have described (in their classification) a "third layer" of the dermis of the horse, and in this present report we have called this layer the "accessory cordovan layer". We thus use the terms "cordovan layer" and "accessory cordovan layer" to describe the characteristic tissues from which genuine cordovan-leather is manufactured.
General interpretations of the microscopic structure of the skin of the horse have differed among previous authors (e.g., Schoenberg, 1926; Braum & Ostrovskaja, 1933; Talukdar et al., 1972) , and the present study was undertaken to re-examine the basic histology of equine skin and re-evaluate the architecture of the cordovan layers.
Materials and Methods
Skin samples were collected from four healthy Thoroughbred horses (one 2-years-old male, two 2-years-old females and one 7-years-old female) weighing 400-700 kg. Each animal was anesthetised and then euthanased by exanguination through a cannulated common carotid artery, before being perfused intra-vascularly with 0.9% NaCl solution and then 10% formalin solution. Skin specimens were collected from a total of 42 different sites, in 34 regions of the body, as indicated in Fig. 1 and Table 2 . The specimens were re-fixed in 10% neutral buffered formalin. Sections of the skin were cut on a freezing microtome at 100 tm thickness and stained with Sudan B and Oil Red 0 to demonstrate lipids. The tissues were also embedded in paraffin wax, sectioned vertically or obliquely at 5 !Am thickness and stained by using Ehrlich's hematoxylin and eosin method, Masson's trichrome method, Azan method, van Gieson's method and Watanabe's modified silver impregnation method.
Results and Discussion
In the present study, the equine skin was seen to be very thick and inelastic. It was composed of five layers: the epidermis, papillary layer, reticular layer, cordovan-leather tissue layer subdivided into a main cordovan layer and an accessory cordovan layer, and subcutis (= hypodermis), as shown in C) of Table 1 and Fig. 2 . The accessory cordovan layer has also been called the "third layer of the dermis" (Talukdar et al., 1972) .
The papillary layer was relatively thin and formed the transitional layer between the epidermis and reticular layer. Its surface was sculptured and it was composed of a rich population of prominent elastic fibres with a delicate, loosely arranged connective tissue among them.
The sebaceous glands of the horse were scattered in the deeper part of the papillary layer and relatively small. They were holocrine in type and were commonly divided into two lobes. Their lipid-rich secretions gave positive reactions to Sudan Black B and Oil Red 0 stains.
The third major layer was the relatively wide reticular layer. It consisted of bundles of collagenous fibres and a few elastic fibres. Horses have single hair follicles with erector pili muscles. The erector pili muscle paralleled the epidermis at first, then at the sebaceous gland it divided into as many branches as the sebaceous gland had multilobes and inserted on the hair follicle by means of elastic fibres (Talukdar et al., 1972) .
In the horse, the hair bulbs and sudoriferous glands (= sweat glands) were either found in the central portions of the reticular layer as defined by the present authors, or lay entirely within the deeper part of this layer, in agreement with the observations of Zietzschmann & Kroelling (1955) and Tagaki & Tagawa (1959) that in the horse the sudoriferous glands form distinct coils in the deeper part of the reticular layer. In the present study, sudoriferous glands were present in skin from all regions sampled. They were simple tubular apocrine glands with a coiled secretory portion in the reticular layer. In general, the coils of the sudoriferous glands lay below the level of the hair bulbs. In the frontal and dorsal nasal regions, however, this relationship was often reversed.
In the literature, the sudoriferous glands of the horse form robust coils in the deeper part of the reticular layer (Zietschmann & Kroelling, 1955; Tagaki & Tagawa, 1959) .
In addition, the skin of the horse had extremely thick cordovan-leather with organized a special Table  1 . Structural interpretations of the equine skin C, Cordovan layer *; CL, Main cordovan layer; D, Dermis; E, Epidermis; P, Papillary layer; R, Reticular layer; S, subcutis; SR, Sub-reticular layer; T, Accessory cordovan layer or Third layer; -a: E, , Hair follicle; -, Sebaceous gland; Sudoriferous gland The cordovan-leather tissue layer has been called "Ross-spiegel" (= "Horse mirror") by Schoenberg (1926) . The "main cordovan layer" is similar to the sub-reticular layer described by Braun & Ostrovskaja (1933 Kohler (1990) . Such compact fibrocomponent had formed the most striking character as a cordovan-leather tissue layer of the equine skin. The cordovan-leather tissue layer is often referred to as "horse mirror" or "Ross-spiegel" (Schoenberg, 1926) . The cordovan-leather tissue layer, or fourth major layer, was well-differentiated into two subcomponents. The more superficial "main cordovan layer" was present throughout all of the samples of equine skin. It was thick, and comprised interwoven bundles of collagen fibres together with a few elastic fibres. In croup, femoral and some other regions, the deeper half of this cordovan layer was especially dense; this portion having been called a "subreticular" layer by Braun & Ostrovskaja (1933) , as shown in @ of Table 1 .
The other sub-component of the cordovan-leather tissue, the "accessory cordovan layer", was present beneath the main cordovan layer in the lumbar, sacral, croup and femoral regions, and was also observed in the metacarpal and digital regions of the forelimbs and the metatarsal and digital regions of the hindlimbs (Fig. 1) .
The accessory cordovan layer was relatively thin, but quite dense. It consisted mainly of dense, parallel collagen fibre bundles, with interspersed elastic and reticular fibres. Elastic fibres formed a welldeveloped lamina in the superficial part of the accessory cordovan layer, and some elastic fibres were also distributed in the deeper parts of the same layer.
Regardless of possible subdivisions, we confirm that in the horse the dermis of the lateral cervical and the lumbar, sacral, croup and femoral regions was modified by the presence of a dense cordovan layer formed by regular collagenous fibres interwoven with fine elastic and reticular fibres, as originally described by Braum & Ostrovskaja (1933) .
The subcutis forming the fifth major layer of the skin of the horse was composed of a loose arrangement of collagenous and elastic fibres. In particular, irregularly-spaced bundles of collagenous fibres extended from the dermis into the subcutis to provide anchorage for the skin. The nature of the subcutis varied with the location in the body, and its thickness therefore could not be measured exactly. Sokolov (1982) reported that subcutaneous fat tissue was present only in the central area of the belly of the horse, but in the present study we found adipose tissue in the subcutis of the lumbar and croup regions as well.
In the horse the hair bulbs never extended into the cordovan-leather tissue and subcutis, in contrast Baker & Thomsett, 1990) . Moreover, in the horse the superficial fascia of the subcutis was more regularly arranged than the sparser connective tissue which formed the deep portion of the subcutis, as shown in Fig. 2 .
Skin thickness varied on different parts of the one male equine body. As shown in Table 2 , the skin was thickest in the dorsum of neck, back, lumbar, croup, tubera coxarum, femoral regions and the tail and in the extremities. It was on average 3.8 mm (1.2 -7.0 mm) thick, in accord with the report by Talukdar et al. (1972) that equine skin has an average thickness of 3.8 mm (3.3-6.2 mm). The relatively thick skin of the horse can be correlated with the existence of the cordovan layer in the deeper parts of the dermis.
In general, the basic architecture of the skin is similar in all mammals (Adam et Kohler, 1990 ) and the present authors support this interpretation (Wakuri, 1985; Wakuri et al., 1993) . However, according to Ham (1974) , Banks (1981) and Evans (1993) , the skin is composed of two components: the epidermis and the dermis (= corium). Wood & Bladon (1985) noted that sometimes the subcutis is recognized as a "third layer" of the skin.
In the skin of all mammals, the epidermis is a stratified squamous keratinized epithelium, as the first major layer. Traditionally, the dennis has been separated into a superficial papillary layer that blends into a deep reticular layer without a clear line of demarcation. Thus, the dermis of the domesticated animals is seen to consist of two components: the papillary layer and reticular layer (Patt & Patt, 1969; Ham, 1974; Krahmer et al., 1976) .
The equine dermis consisted of dense irregular connective tissue with a feltwork of collagen, elastic and reticular fibres embedded in an amorphous ground substance. Interpretation of the layering of the equine dermis has, however, differed among the previous authors, as shown in Table 1 . Sokolov (1982) noted that the demarcation of two layers of Table 1 for key to numbers) the dermis is indistinct. Therefore, the broad tissue containing the sebaceous glands, hair bulbs and sudoriferous glands has been called "the papillary layer" of the horse by Talukdar et al. (1972) . According to Talukdar et al. (1972) , the papillary layer is the first layer of the dermis, the reticular layer is the second layer and "the third layer" is the deepest part, as shown in (J of Kohler (1990) described the dermis as consisting of the superficial layer (= papillary layer) with the corial papillae, and the deep layer (= reticular layer). In the skin of the laboratory animals, e.g., guinea-pigs, rats, mice and hamsters, the hair follicles are located in the derinis (Secchi & Lecaque, 1981) .
As shown in ® of Table 1 , we have confirmed that equine-type skin is composed of five hierarchical layers: the epidermis, papillary layer, reticular layer, cordovan-leather tissue layer and subcutis. There are few data which substantiate the repeated statement that the skin of the domesticated animals is similar to that of man. Moreover, reports in the literature show that the hierarchical structure of the skin is not uniform between horses and carnivores: they recorded that the dermis of the horse consists of two well-demarcated layers: the papillary and reticular layers (Talukdar et al., 1972) , and that the boundary between the papillary layer and reticular layer was level with the hair bulbs or the deepest parts of the sudoriferous glands (Talukdar et al., 1972; Sokolov, 1982; Calhoun & Stinson, 1987) . Talukdar et al. (1972) and Sokolov (1982) also described that the skin of the horse has a thick papillary layer containing the sebaceous glands, hair bulbs and sudoriferous glands, and so resembles the skin of cattle rather than that of carnivores and man. This embedding of the sebaceous glands, hair follicles and sudoriferous glands in the papillary layer is clearly different from the presence in carnivores of the hair bulbs within the deeper dermis or the sub- Table 2 . Site and thickness (*) of skin-samples in a 2-years-old male horse. (Sites are shown in Fig. 1) * Mean (min-max) thickness (1m) in an animal , measured across all layers (epidermis, dermis and subcutis) of skin.
cutis (Schummer et al., 1976; Banks, 1981; Baker & Thomsett, 1990; others) . In the present study we observed that the sudoriferous glands and hair bulbs of the horse are firmly situated in the reticular layer. None of these structures extended into the cordovan-leather tissue layer and subcutis in the horse. We thought that both the "reticular" and the "third" layers described in the horse by Talukdar et al. (1972) are equal to the "cordovan-leather tissue layer" which we have described. Both the "reticular" and the "third" layers of Talukdar et al. (1972) seem to be similar to a deep layer of the bovine skin described by Mosimann & Kohler (1990) . Regardless of nomenclature, the skin 
